The most important black table olive (Olea europaea L.) "Kalamata" cultivar, grafted onto three different vegetative olive rootstocks [Picual (Pic), Frantoio (Fra) and Koroneiki (Kor) cvs.] was evaluated with 2-year-old grafted plants grown in sand clay soil, and received concentrations of salt mixture (NaCl, Na 2 So 4 , CaCl 2 , MgSo 4 and KCl) making 6000 and 8000 ppm with SAR 12 of salinity level, for two seasons. Morphological and chemical parameters were investigated to determine the relative salinity tolerance of these rootstocks and to define possible reasons for any observed differences in the salt tolerance. However, results indicated that differences in response to salinity among rootstocks were observed primarily in morphological traits. Increasing of salinity level in irrigation water decreased, all of scion height and its rate of increase, leaf area, number of leaves/plant and fresh & dry weight of leaves and roots. But different rootstocks can affect the degree to which these parameters is reduced under salinity, where Kalamata growth on Picual and Frantoio was considerably better than on Koroneiki at 6000 and 8000 ppm treatments. Inversely in untreated grafted plants Kalamata on Kornaki exhibited the best growth vigor, comparing with Kal/Pic or Kal/Fra plants, suggesting that a decrease of scion growth in untreated grafted plants is a salt tolerance quality transmitted by tolerant rootstocks. Salinity significantly decreased leaf chlorophyll (a) and (b) content of all grafted plants, but different content among rootstocks were noted. On the contrary, proline content increased in leaves of all treated plants, however, insignificant difference was noted between rootstocks, yet the interaction between the two factors show that Kalamata on Picual and on Frantoio rootstocks recorded higher values of leaf proline content than Kalamata on Koroneiki rootstock. Leaves and roots Na + and Cl -content of treated grafted plants showed an increment but to a different degree, comparing with the untreated (control) plants. There were differences among the grafted plants where Kalamata grafted on Koroneiki (the least tolerant cv.) mostly affected by saline treatment and accumulated the highest content of Na + and Cl -in leaves comparing with Kalamata on Picual (the most tolerant cv.) or on Frantoio (the Sanaa Laz Arab Univ. J. Agric. Sci., 13(2), 2005 400 moderate tolerant cv.). Tolerant rootstocks contained more Na + in roots than in leaves. This response become apparent as salinity increased. Leaf N, P and K contents decreased in Kalamata leaves as influenced by different rootstocks and increasing salinity in irrigation water comparing with the control. Kal/Pic and Kal/Fra plants had higher N% in leaves than Kal/Kor plants, whereas Kal/Pic accumulated K more than the other plants, while P content in leaves of all grafted plants were insignificant in the two seasons. Based on the overall growth parameters and chemical composition in response to salinity, Kalamata grafted on Picual exhibited the greatest salt tolerance followed by those grafted on Frantoio whereas, Kalamata on Koroneiki showed the poorest plants pertaining salt tolerance.
INTRODUCTION
Olive (Olea europaea L.) is a major crop in the countries of the Mediterranean Sea basin and in many semiarid areas of the world , in these areas large quantities of low quality water, mostly saline are available and could be used for olive irrigation ( Salinity tolerance in olive is a cultivar depended characteristic (Tattini et al 1997). However, symptoms of toxicity and cultivar differences in susceptibility to high concentrations of salts have been described by Bartolini et al (1991) and Laupassaki et al (2002) . They reported that, marked saline stress can produce accumulation of sodium (Na + ) and chloride (Cl -) in olive leaves, decreased growth, alter photosynthesis, cause morphological changes in the leaves and decrease the concentration of nutrients affecting, the nutrition of the tree.
Recent data on physiological mechanisms involved in olive salt tolerance might help to interpret data concerning scion-rootstock combinations, Therios and Misopolions (1988); Al-Absi et al (2003) suggested that, the exclusion of Na + and Cl -from leaves is the main mechanism of salt tolerance in olive, Tattini et al (1994) and Loupassaki et al (2002) , concluded that, the mechanisms of salt tolerance in olives should be located within the roots preventing net salt export to the shoot , rather than salt absorption.
Plant adaptation to saline conditions can depend, also on an increase in specific organic solutes within the cell, which help in osmoregulation and in preventing salt accumulation within the cytoplasm (Stewart and Lee 1974; Flower et al 1977) .
Rootstock can import stress tolerance to the scion and that the beneficial effect of the rootstock is often the exclusion of Na + and /or Cl -from the scion, (Michael and Mary, 2002 (Lloyd et al 1987) .
The objective of the present study was to: 1. Evaluate the performance of the most important black table olive "Kalamata" cultivar, when grafted on three different vegetative olive rootstocks and irrigated with different saline water solution. 2. Determine the uptake and accumulation of Na + and Cl -ions in the leaves of grafted plants under salt stress. 3. Define the effect of salt stress on the leaf mineral status of grafted plants. The grafted plants were irrigated twice weekly by tap water before application saline solutions up to early May for each season.
MATERIAL AND METHODS
The experiment included 9 blocks {3 treatments x grafted plants on 3 different rootstocks (Kal/ Pic, Kal/ Fra and Kal/Kor)}, comprising 3 replicates, each one consisted of 9 plants, to receive one of salt treatment and arranged in a factorial complete randomized design. The grafted plants were irrigated with salinized water with dissolving amount of NaCl, Na So 4 , CaCl 2 , MgSo 4 and KCl salts making concentration of 6000 and 8000 ppm with SAR (Sodium adsorption ratio) 12 calculated on the basis of the following equation.
The untreated (control) plants were irrigated with tap water (400 ppm). Irrigation with saline solutions carried out twice weekly using 750 ml./pot, started in the first week of May and ended at late November in the two successive seasons (2002 and 2003) . Leaching of accumulated salts was done every 21 days by irrigation with tap water to reach approximately EC(0.29-0.31m.moles), followed by re-watering with the corresponding saline solutions in the next day . Control treatment was irrigated by tap water at the same rate. Hoagland solution (Hoagland and Arnon, 1950) was added biweekly for all treatments through the growth period.
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At the end of the growth in each season, nine plants (representing 3 replicates) were sampled for each treatment and carefully pulled from the pots, washed and air dried and were used for the following determinations:
I-Vegetative growth parameters 1. Average scion height (cm) and its rate of increase (cm/season). 
II-Chemical constituents

Foliar pigments
Representative leaf samples of the same physiological age and position were taken in both seasons. Photosynthetic pigments (chlorophyll a, and b) in response to salinity were quantitatively determined in samples of sufficient fresh leaves. The optical densities were meas-404 ured colorimetrically at 660 and 640 µM. wave for chlorophyll a, and b content, respectively according to Saric et al (1967).
Leaf proline content
Proline content g/100g F.W. was colorimetrically estimated in fresh leaf samples according to the methods of Bates et al (1973).
Minerals content
Leaves and root samples were dried at 70 ْc till a constant weight, then ground and used for subsequent determination of N, P, K, Na and Cl in each sample as follows: 
Statistical analysis
All data of 2002 and 2003 experimental seasons were subjected to analysis of variance according to Snedecor and Cochran (1980) and means were differentiated using Duncan's multiple tests (Duncan, 1955) .
RESULTS
I-Vegetative growth parameters
The vegetative growth parameters were tested and evaluated under the same experimental conditions in both 2002 and 2003 seasons.
Average scion height and its rate of increase
Data presented in Table ( 2) show that, increasing of salinity levels in irrigation water affected negatively in the scion height of grafted olive plants, regardless of the kind of rootstocks. The data concerning the rate of increase clearly indicate that kalamata scion on all rootstocks was reduced during growth flush by increasing the salinity level, resulting in a significant reduction in rate of scion height, such reduction was more drastic by raising the salinity level, where it was 14. 72, 8.84 & 6.10 Regarding the kind of rootstocks and its effect on scion growth in grafted plants, data show that, there was conspicuous increase in Kalamata scion grafted on Picual rootstock where it recorded higher values of increasing rate (11.63 & 11.49) than that on the other two rootstocks, which recorded (10.06 & 9.32) and (7.98 & 7.18 ) in the two successive seasons, respectively. Generally, it could be concluded that, different rootstocks can affect the degree to which olive scion growth is reduced under salinity.
Number of leaves/plant
The salinization response of grafted olive plants, presented in Table ( 2), indicate that, the maximum total leaves number per Kalamata scion were obtained when the grafted plants were irrigated with saline water 400 ppm (control) 188.31 & 180.70 in contrast to the plants irrigated with 8000 ppm (the highest salt stress) 88.33&78.78 in the two seasons, respectively.
Recorded data concerning the effect of different rootstocks, showed that, kal/ Pic plants had higher number of leaves than Kal/ Fra or Kal/ Kor plants when irrigated with saline water.
Results indicate that number of leaves in the grafted plants was in consequence of both salinity levels and kind of rootstock in grafted plants with the same scion. The same results were found by Kaul, (1981) on guava and Bondok et al (1995) on peach.
Leaf area (cm 2 )
Results reported in Table ( 2) clearly show that, in both seasons, the leaf area was significantly decreased by increasing salinity levels in irrigation water. The reduction in leaf growth is probably due to increase in osmotic pressure of the growth medium, depress water absorption or excess of certain ions which seem to have specific toxic impact especially sodium (Bernstein, 1965) .
The results, indicated that, the leaf growth was affected differently to salinity stress depending on the rootstocks, whereas Kalamata scion grafted on Picual rootstock gave the highest values of leaf area, while the reduction in leaf area in response to salinity was observed in Kalamata on Koroneiki which gave plants with narrow leaf area, thus low in building metabolism and low in tolerance to salinity stress. These results are in harmony with those mentioned by Kaul 
Fresh and dry weight of leaves and roots
Data presented in Tables (3) indicates that, different salt concentrations in an irrigation water resulted in a significant Hartmann and Kester (1968), found that, there are three approaches that could be put into considerations to explain the scion-rootstock relationship affecting plant growth, these approaches are, nutritional uptake utilization, translocation of nutrient water and alterations in endogenous growth factor. These three factors generally affected growth of the scion expressed as dry weight.
In general, results clearly show that, salt tolerance response based on these growth parameters (average scion height and its rate of increase; number of leaves/plant, leaf area and fresh and dry weight of leaves and roots) for each rootstock-scion combination resulting in a reduction in scion growth.
Results also, indicated that, salt tolerance of grafted plants generally depended on the characteristics of the rootstocks in response to salinized irrigation water.
II. Chemical constituents (1) Foliar pigments
The data obtained in the present study pertaining the chlorophyll (a) and (b) contents are shown in Table ( Reductions in chlorophyll content of plants treated with salinized water have been also studied by Jacobson and Ortli (1956) who suggested that the depressive effect of salinity on the absorption of ions such as iron was involved in chloroplast formation via protein synthesis. In addition, Puritch and Barker (1967) proved that ammonium accumulation in plant leaves was one of the main factors causing reduction in chlorophyll content through plastid breakdown.
(2) Proline content
Proline content indicates remarkable increase in the leaves of all treated grafted plants irrigated with saline water, (Table, 4) .
Data concerning the effect of different rootstocks showed that, Kalamata olive cv. grafted on Picual, Frantoio or Koroneiki olive rootstocks contained nearly similar amount of proline in all cases and the difference were insignificant in the two studied seasons.
Regarding the interaction between salinity level and different olive rootstocks on proline content, it is clear that, both of the two factors affect significantly the proline content and significant variation were noted between the grafted plants. However, leaves of Kalamata cv. grafted on Picual rootstock has recorded the highest values of proline content compared to those grafted on Frantoio or Koroneiki rootstocks. These may confirm those reported by Bates et al (1973); Stewart and Lee (1974) who mentioned that proline was increased gradually as the level of salinity raised, they also suggested that, proline function as a source of solute for intra cellular osmotic adjustments under saline conditions. (b) Nitrogen (N), Phosphorus (P) and Potassium (K) content
As for N, P and K content in Kalamata leaves as influenced by different rootstocks and increasing salinity level in irrigation water, results of both studied seasons in Table (7) clearly show that significant reduction in the N, P and K content in leaves of the studied grafted plants compared with the control ones. The results show a significant variable effect on N and K content in terms of the salinity response of the different grafted plants, For instance, the Kal/Pic and Kal/Fra plants had higher N % in leaves than Kal/Kor plants, whereas Kal/ Pic accumulated K more than the other grafted plants, while P content in leaves of all grafted plants showed insignificant difference in the two studied seasons. These results are generally in line with those reported by Taha The reduced concentrations of the nutrient combined with the stunting of growth caused by salinity (Therios and Misoplinos, 1988; Loupassaki et al 2002) leads to the conclusion that there is significant suppression of the nutrition of the olive.
Regarding to the interaction between salinity levels and different olive rootstocks on the N, P and K content in leaves, results show that, significant variations were found between grafted plants where Kal/Pic exhibited the highest values of N, P and K content, while Kal/Kor gave the lowest values in 2002 and 2003 seasons. The least contents of N, P and K were recorded with 8000 ppm salinity applied to Kal/Kor plants in both seasons.
However, the best markers for determining the relative salt tolerance among these rootstocks are Na + and Cl -contents in leaves and roots as well as proline content in leaves.
In conclusion, salinity had increased Na + and Cl -concentrations in leaves and roots, to different degrees and reduced growth of Kalamata olive cultivars grafted on the three rootstocks. The relative tolerance of the three studied rootstocks appears to be due to the characteristics of the rootstock in response to salinilized irrigation water and the ability of the root to exclude Na + and Cl -from the leaves. Date show that Kal/Kor (sensitive rootstock) plants had the highest concentration of Na + and Cl -in leaves and appeared to be the poorest plants, whereas Kal/Pic (the most tolerant rootstock) exhibited the greatest salt tolerance followed by Kal/Fra (the less tolerant one) this is clearly related to the different abilities of the rootstocks to exclude Na + and Cl -ions from the leaves.
